Objectives: to compare the incidence of recurrent falls in older people with and without diabetes, and to examine diabetesand fall-related risk factors explaining the increased risk of recurrent falls associated with diabetes. Methods: population-based cohort study of 1,145 (85 with diabetes) community-dwelling participants, aged ≥65 years, from The Longitudinal Aging Study Amsterdam (LASA). Falls were assessed prospectively (every 3 months) during a 3-year follow-up period. Incidence of recurrent falls was estimated with Poisson regression analyses. The associations between diabetes and time to recurrent falls, defined as at least two falls occurring within a 6-month period, and the potential explanatory role of several risk factors herein, were analysed with the use of Cox-regression models. Results: during a mean follow-up of 139 weeks, 30.6% of the individuals with and 19.4% of the individuals without diabetes fell recurrently [incidence rate of 129.7 versus 77.4 per 1,000 persons-years, respectively, HR = 1.67 (95% CI: 1.11-2.51)]. Adjustments for potential confounders did not change the increased risk associated with diabetes [HR = 1.63 (1.06-2.52)]. Factors that partly explained this increased risk were: greater number of medication, higher levels of pain, poorer self-perceived health, lower physical activity and grip strength, more limitations in ADLs, lower-extremity physical performance and cognitive impairment. Altogether, these variables accounted for 47% of the increased risk of recurrent falls associated with diabetes [adjusted HR = 1.30 (0.79-2.11)]. Conclusion: fall prevention efforts targeting the factors identified above may need to be incorporated into the care and treatment of older individuals with diabetes.
Introduction
About one-third of community-dwelling adults aged 65 and older fall each year, with approximately 1 in 10 falls resulting in a serious soft tissue injury, traumatic brain injury or fracture [1] . Even if non-injurious, falls carry serious consequences including decreases in social and physical activities, physical decline, disability, loss of independence and institutionalisation [2, 3] . Several studies have shown that older adults with diabetes fall more often than their peers without diabetes [4] [5] [6] [7] [8] [9] . The prevalence of diabetes increases with age, and projections for the coming decades emphasise an increase in diabetes prevalence in particular in people >65 years of age [10, 11] . The expected increase in diabetes-related falls among older adults will likely impose a significant burden on health-care systems. Therefore, investigating the extent to which older individuals with diabetes have higher incidence of falls, and identification of diabetes-and falls-related factors amenable for intervention is of utmost importance.
So far, only two prospective studies, confined to women, have compared the incidence of falls among older individuals with and without diabetes, and in both the incidence of falls, particularly recurrent falls, was significantly higher particularly among women who were treated with insulin [6, 7] . A recent large population-based study of individuals with diabetes showed, however, that polypharmacy was associated with greater risk of incident falls [12] . In addition, and apart from the well-known cardiovascular complications, diabetes is associated with several 'geriatric syndromes' such as cognitive decline and dementia, depression, loss of muscle strength, functional limitations and physical disabilities, visual and hearing impairments, urinary incontinence and chronic pain [13, 14] . All of these are determinants of falls among community-dwelling older individuals [1, 15] and are thus likely to explain the excess risk of falls in individuals with diabetes [16] . Other potential factors that may be involved include inflammatory and hormonal changes [13] , but their role in diabetes-related falls has never been investigated before.
We have therefore investigated, with a prospective-study design: first, the extent to which the risk of recurrent falls is higher in older community-dwelling subjects with diabetes relative to those without; and second, which diabetes-and fall-related risk factors could explain such an increased risk.
Methods

Study sample and design
The Longitudinal Aging Study Amsterdam (LASA) is an ongoing interdisciplinary cohort study on predictors and consequences of changes in physical, cognitive, emotional and social functioning in the ageing population of The Netherlands [17] . For the present study, the baseline study sample consisted of participants who completed both the main and medical interviews during LASA's second cycle of examinations and who were ≥65 years old as per 1 January 1996 (n = 1,509 from 1,720 eligible). These individuals were invited to participate in a 3-year fall and fracture follow-up study, but 82 did not participate (57 refused, 12 died and 13 became severely ill and thus ineligible before the start of follow-up). We further excluded 364 participants from the analyses: those who were not living independently in the community (n = 88) and/or who reported having had ≥2 falls during the previous year (n = 230). Therefore, the current study population consisted of 1,145 individuals (see further details and Flow-chart illustrating the study design and sample selection in the Supplementary data available in Age and Ageing online, Appendix 1).
Informed consent was obtained from all participants and the study was approved by the Medical Ethics Committee of the VU University Medical Center, Amsterdam.
Ascertainment of diabetes
Presence of diabetes mellitus (type 1 or 2, not specified) at baseline was defined with an algorithm combining three sources of information. First, the participants were assigned the diagnosis of diabetes (n = 64) when such diagnosis was present in the general practitioners' (GP) records. Second, a diagnosis of diabetes was assigned to participants whose GPs' records could not be retrieved (27% of the study population), if they self-reported diabetes and use of glucose-lowering medication was confirmed by a trained interviewer during the baseline medical interview (n = 21).
Ascertainment of (recurrent) falls
Falls were prospectively assessed during 3 years using a fall calendar [18, 19] . A fall was defined as 'an unintentional change in position resulting in coming to rest at a lower level or on the ground' [20] . Participants were asked to tick every week whether or not they had fallen. Once every 3 months, the calendar page was mailed to the Research Institute. If the calendar page was not received (even after a reminder), or if the page was completed incorrectly, the participants (or proxies if participants were unable to respond) were contacted by telephone.
Participants were categorised as recurrent fallers if they fell at least twice within a 6-month period [18, 19] and as an occasional faller if they fell at least once during followup, but did not meet the criteria for recurrent falls [19] . Distinction between occasional and recurrent falls was made deliberately to discern falls likely to have been coincidental from those more likely related to intrinsic disease-related causes [3, 21] . Time from baseline (date of medical interview) to the date of the first (occasional) fall and to the date of the first recurrent fall were recorded in week. Subjects who did not report (recurrent) falls during follow-up were censored. Time to censor was the study maximal duration (156 weeks) among participants who completed all falls calendar sheets; or time to first missed calendar sheet (due to reasons such as death, too ill or refusal to continue follow-up) among those who did not Continued complete and were thus coded as lost to follow-up (13% of study participants).
Potential confounders and mediators
Listed in Table 1 (see detailed description in Supplementary data available in Age and Ageing online, Appendix 1).
Statistical analyses
Incidence rates of recurrent falls were estimated with Poisson regression analyses. Kaplan-Meier curves were created to illustrate and compare, with log-rank tests, the cumulative incidence of recurrent falls between participants with versus without diabetes. Baseline characteristics were compared between participants with and without diabetes and between recurrent and non-recurrent fallers with Student's t-tests, Mann-Whitney U tests and χ 2 tests. We used multiple imputation by chained equations to impute missing data on study covariates (2.5% of all required values), to boost power and enable more efficient analyses [22] (for details see Supplementary data available in Age and Ageing online, Appendix 1).
Cox-proportional hazard regression models were used to account for the effects of confounders and potential mediators in the associations between diabetes and incident recurrent falls. After a first unadjusted analysis (model 1), successive models were created to examine: first, the extent to which this association was confounded by as age, sex, other socio-demographic factors, BMI, smoking, alcohol consumption (model 2); and second, explore potential pathways that may explain the association (subsequent models). Potential mediators were retained in the models if the strength of the regression coefficient (Ln-HR) reflecting the association between diabetes and recurrent falls was attenuated by ≥5%.
All analyses were carried out with Predictive Analytics SoftWare (PASW) Statistics software version 18.0 (SPSS, Inc., Chicago, IL, USA).
Results
Comparisons of participants' characteristics at baseline according to their diabetes or recurrent falls status are shown in Table 1 . Eighty-five participants (7.4%) had an adjudicated diagnosis of diabetes (6.4% in men and 8.4% in women, P = 0.201). During a mean follow-up duration of 139 weeks, 232 participants (20.3%) fell recurrently. Non-recurrent fallers (n = 913) included 366 individuals who were classified as 'occasional fallers', but the incidence of occasional falls did not significantly differ by diabetes status (30.5 versus 40.7%, P = 0.132). In contrast, the incidence of recurrent falls was greater among individuals with than without diabetes (30.6 versus 19.4%, P = 0.017). The incidence rate of recurrent falls ( per 1,000 persons-years) was 129.7 and 77.4 for individuals with and without diabetes, respectively: incidence rate ratio (IRR) = 1.67 (95% CI: 1.11-2.51) (Figure 1 ). These estimates did not differ between individuals with diabetes who were or not treated with insulin [122.2 versus 134.8, respectively, IRR = 0.91 (0.41-2.00)].
The risk for recurrent falls remained higher among individuals with diabetes even after adjustments for potential confounders: HR = 1.63 (1.06-2.52) (Table 2, model 2). These estimates were slightly higher in women [HR = 1.82 (1.06-3.13)] than in men [HR = 1.41 (0.73-2.72)], albeit not significantly so (P-interaction = 0.577). Also, age did not modify the association between diabetes and incident falls (P-interaction = 0.662). Factors that explained, in part, the increased incidence of recurrent falls associated with diabetes were the greater number of medicines used; higher levels of body pain; poorer self-perceived health; lower levels of physical activity and grip strength; more limitations in ADLs; lower physical performance (including gait and balance), and cognitive impairment (models 3-6). Altogether, these variables accounted for 47% of the increased risk associated with diabetes (model 7).
For additional information on the lack of a mediating role of the other variables examined, and the lack of impact of loss to follow-up on the estimates and inferences arising from our analyses please see Supplementary data available in Age and Ageing online, Appendix 2).
Discussion
We examined the association between diabetes and incident falls among community-dwelling older individuals and Data are mean ± standard deviation, median (inter-quartile range) or frequency (%).
Higher scores indicate: a poorer self-rated health; b better performance; c more fear *P < 0.05; **P < 0.01; ***P < 0.001.
found that individuals with diabetes had a 67% higher risk of recurrent falls than their counterparts without diabetes. In contrast to previous studies [6, 7] , we did not find that the incidence of recurrent falls was particularly higher among the individuals with diabetes who were treated with insulin. Instead, and in line with previous observations [12] polypharmacy, not the use of any specific medication per se, explained in part the increased risk of recurrent falls in individuals with diabetes. [12] . These observations may have important clinical implications. Diabetes care places a great focus on the prevention of micro-and macrovascular complications, which are often targeted following multidrug regimens in order to control hyperglycaemia and commonly coexisting morbidities such as hypertension, dyslipidaemia and renal dysfunction. In order to maximise benefits to patients, standardisation among health-care providers is encouraged through disease-specific treatment guidelines [23] . However, the long-term benefits and harms associated with combination of drugs that are taken by individuals with comorbidities is less clear [24] . In addition, given that levels of clinical control are often sub-optimal, intensification of the overall medication prescribed to individuals with diabetes has been advocated. However, an increased risk of mortality associated with the more intensive use of glucoselowering drugs [25] has raised questions about the wisdom of this approach. The potential to increase the incidence of recurrent falls illustrates the complexity of polypharmacy management of older individuals with diabetes.
High levels of chronic musculoskeletal pain are common in the older, particularly those with chronic diseases such as diabetes [26, 27] . Our findings suggest that pain may be an important factor to consider in the prevention of diabetes-related falls. The presence of chronic pain may limit the ability of individuals to adhere to selfmanagement practices such as regular exercise [26] , and is also associated with poorer mental health and physical functioning [27] , and thus places an individual with diabetes at greater risk for recurrent falls [28] . Indeed, among all the potential mediators investigated, poorer levels of physical activity and performance (including gait and balance) seemed to contribute to the increased risk of recurrent falls attributable to diabetes. These findings are in line with several studies showing accelerated loss of muscle strength, functional limitations in ADLs and impairment in physical performance related to diabetes [29] [30] [31] [32] [33] . Importantly, they may be amenable to modification through exercise programmes such as resistance/balance training [34] thereby leading to decreases in falls [35] . In addition, although exercise may not be an appropriate pain management strategy for every individual, it may reduce pain and improve function, in contrast to the more widely and potentially counterproductive adopted strategies of rest and inactivity [36] . However, the benefits of exercise as a means to prevent falls among older individuals with diabetes may be hampered in the presence of (severe) cognitive impairment [37] . Indeed, diabetes is a major risk factor for cognitive impairment and dementia [38] and, in our study, signs of cognitive impairment explained a small part of the increased falls associated with diabetes as well.
Strengths and unique features of this study are its frequent assessment of incident falls over the course of a long-enough period to capture the specific phenotype of interest-recurrent falls; the representative population, including both men and women, for the community-dwelling older population of the Netherlands; and the assessment of a large set of potential confounders and mediators of the associations between diabetes and recurrent falls. Despite the comprehensive approach adopted, about half of the diabetes-related increased incidence of recurrent falls remained unexplained. This may have been due to imprecision in identifying relevant factors that mediate an increased risk of falling, such as the presence of peripheral neuropathy [16] . However, peripheral neuropathy may have been, at least in part, captured by individuals' self-reported levels of pain and/or foot problems, and the measured levels of participants' walking speed, gait and balance (included in the physical performance score), most of which were indeed significantly higher or impaired among the individuals with diabetes. Other potential limitations may include, the fact that we examined (recurrent) falls but not injurious falls specifically.
In addition, although for most participants the diagnosis of diabetes was retrieved from GPs' records, in some (27%), these were missing. The diagnosis was therefore based on a combination of data obtained form self-reports and review of glucose-lowering medication. In a previous study, the selfreports of diabetes have shown a good agreement with GPs' records [39] . Still, the observed 7.4% prevalence of diabetes is likely an underestimate since the prevalence of reported diabetes is usually higher in those aged over 65 and diabetes is not infrequently undiagnosed in up to 50% of cases if screening using blood glucose tests is not performed [40] . However, if such an underestimate is present, then the strength of the association between diabetes and recurrent falls reported in our study is likely underestimated as well. The reverse is possible if non-diagnosed diabetic subjects fall less than those diagnosed with diabetes. We consider that, however, unlikely as in the diabetes group other risk factors for recurrent falling were more prevalent as well.
Duration of diabetes and measures of HbA 1c were also missing and, therefore, we could not ascertain the extent of disease severity/glycaemic control among the individuals with diabetes. Finally, the study population consisted of relatively healthy community-dwelling white persons over 65 and our results may thus not apply to those who are institutionalised or belong to other ethnicities.
In conclusion, older community-dwelling individuals with diabetes have higher risk for recurrent falls than their peers without diabetes. Factors partly explaining this increased risk include diabetes-related polypharmacy, musculoskeletal pain and poorer self-perceived health, lower levels of physical activity and muscle strength, limitations in ADLs, impaired physical performance (including gait and balance) and cognitive impairment. In view of the current ageing of the population and the increase in the incidence of diabetes, particularly among older people, our findings support the view that fall prevention efforts targeting the factors identified above may need to be incorporated into the care and treatment of older individuals with diabetes.
Key points
• Older community-dwelling individuals with diabetes have higher risk for recurrent falls than their peers without diabetes.
• Factors explaining this increased risk need to be comprehensively identified.
• Among others, polypharmacy, pain, impaired ADLs and physical activity, strength and mobility were critical factors identified. 
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